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cients inapplicable oyer the range of a.tniosp1ieric c,ondi- 
tions met with during the summer throughout the United 
States. Still further refinement! will no doubt he at- 
tained in the future, but the inst.rument. appeals dready 
to be amply precise for dl the studies in which i t  has thus 
far been employed. 

It should be renienibered here that none of the atnioni- 
eters eniploving. imbibed solids are available for the st,udy 
of eraporittion i n  freezing weat,her. Pans of ice or of 81 
nonfreezing solution are the only instrun1ent.s thus far 
available for this important. case of tlirec.t.-nieasi.irenieii t 
ntmonietry. 
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Tm INTRODUCTION O F  METEOROLOGY INTO THE 
COURSES O F  INSTRUCTION IN MATID3MATICS AND 
PWSICS.  

BY CLEVELAND ABBE. Professor of hleteorology . 
p n  address delivered tiefore Phvsics and Mathematics Brctious of Central Assori:rlion 

of Science and Mnt6e11istics Teschers. Chicago, Nor. 3, l!tu4.] 

The study of nieteoroloo has acquired a new and 
vivid int.erest since the esta?&sliineiit of fairly successful 
official weather forecast,s in this country ant1 Europe. 

9 3 2 1 5 - l U J  

The civilized world now knows that the weather and the 
climate, the winds and storms are controlled by rigorous 
laws of nature; we may not understand these laws as yet, 
but they are in control of the universe and we Itre to dis- 
cover them and utilize them for the benefit of mankind. 
We have not yet found any limit to the attainriients of 
the human intellect, aiid what the mind can do in the 
way of thinkin the hand will k i d  some means t.0 attain 
in the way o f  doing. We must think out our work 
before we can do it. 

The ultimate object of rill our systems of education, 
elenientar collegiate, and post- raduate is to train the 
mind to &ink and then tra.in t f ie hand to do. In old 
times the schools crammed the brain with the results of 
work already done, niemorizin a multitude of fa.&; 

develop the reasoning faculties, or the reasoning habit of 
thought., and then to perfect our methods of doing. 
Our schools pa.y niucli attention to inat,hematics, mechan- 
ics, chemistry, and science in general, because t,hese have 
an important practicnl hewing on our lives. In this 
movement t,oward the professional side of education 
meteorolomy has not been neglec teed dtoget.lier. I have 
been reaay plensed t.o see the enthusiastic reception ac- 
corde 5 it in every part of the Union and its 
larity in both graded mid high schools. suppose t. a t  
we owe this specifically to the general success of the 
Weather Bureau, but niore particularly to Prof. Wni. M. 
Davis, who established a school of meteordog); about 
l S T Y  as a, division of the school of eology a t  harvard 
University. His students and t.ext 5 ooks, his Elemen- 
tar37 ?vlet.ec-)rolo- and the Clinia.tolog of his successor, 
Prof. R. DeC. d r d ,  a.nd their met,ho B s of teaching linve 
awakened t,eachers and professors alike to new possibili- 
ties. Ot,her schools and othor testbooks have come into 
esistence. The elements of the subject a.re now so well 

rovidecl for that I do not need to say more about this; 
Rut I do feel the neec1 of further aclvances. 

1 re,o.ard nieteorologv not so much as a matter of ob- 
servat.ioii nnd generalization as matter of detIuct.ive 
reasoning. Our studies have ajproached the liniit of 
what we are likely to discover i ,y inductive rocesses. 
We st.nnd where nstrononiy st.oocl in t,he clays o Laplace. 
We have l i d  our Galilee and Newton, but we still need 
ot,lier leaders, and you will all agree with me that these 
must. he t,rain’ed in the schools. They niust et. t.heir first 
lessons from you. Twent,y or thirty ears f ience our fu- 
ture mast,ers in nieteorology will tell r iow t.heir feet were 
t,urne<l in t,he right direction by the teachem of to-day. 

In every sc,liool I find several boys or girls t.lint have 
taken :i. Jee int,crest in the wedier  and its relhoiis t.0 
our  lives. h e y  are oft,en askiiig uestions t,liat }>ear 
upon it. They ap ear to observe nn 8 understand it bet- 
ter than others. Ghese are they whoni I would have 
VOU secure for the possible service of the Wentlier Bureau. 
There are others t,lia.t often appear dull, but a.rt? not recalls 
so; their previous education has perhttps been imperfect, 
some one has confused their minds with erroneous ideas 
from which the can not easily rid tliemselves. There 

in intellectual work. In general, t.he school will be bene- 
fited by taking up exact and esperiniental work as CON- 

We 
genefit a child more than we realize when we give him 
esercises in esnctness. Why do we make him calculate 
interest to the last cent2 Why ractice the piano or 
singing until lie can do it properly$ Why draw or paint 
correct.ly P Is it not our 
conviction t-hat what is w0rt.h doing at. all is worth doing 

but now, while not neglecting t 7 le memory, we seek to 

F O w i n g  

r 

are others who r lave not yet awakened to a full interest 

ared with inexact, indefinite, t.ext.s or phrases. 

Why speak English precisely ‘6 
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well? It is only the things that are well done that tell. 
Even in niorals i t  is t-he bad t.hought t,hat, is the first, step 
toward a bad act. So I wish to enforce the idea of 
teaching nieteorology accurately, and to do this we must 
use accurate espressions and esperinients, accurate fig- 
ures and drawings, and correct mathematics. On tlie 
ot,her hand, we enliven all inat,hematical and pliysica.1 
courses of instruct.ion if we in troduce into them applica- 
tions to fa.niiliar subjects. The dullest student becomes 
alive as soon as he perceives that his distasteful iiint.lie- 
matical tasks will help him to understand some subject 
that redly interest,s him. There is no one, not even it 
child, that has not some favorite subject of thou~lit., 
some one unanswered query, lurking in his brnin. Find 
out what that is and you have found the keynote t.o 
which all hiis education niay be made harmonious. 

I know t,hat the schools and colle es find so ninny sub- 

school and at. home that you will say it is out of t.he clues- 
tion to introc1uc.e anot.her new study. However, I do not 
venture such a resumption, but would suggest :I siriiple 

d e n  you are t,eaching niathematics or pli.ysics nnd 
seeking for esn.mpleu illustrative of the apphc.at,ion of 
these subjects, give special attention to nieteorology 
and take your esainples from the phenomena of t,he 
at.mosphere. You may not at  first find ninny cases, cer- 
tainly there are very few in the books. YOU niny have 
to draw upon your own reading and knowledge, or on tlie 
notes that you will find in the MOXTHLY WEATHER RE- 
VIEW. But with a litt.le ingenuity you will soon wru- 
mulate quite a. good1 number of problenis that will afford 

I find that nia.ny take u mat.hematica1 physics as one 

sions, because t,he latter offer them a prospect, of n good 
business for life, but occasiontilly one of these finds hirn- 
self int,erested in the scient>ific or research aspect of t,he 
various problen~s as niuch or even more t.han in the engi- 
neering aspect. He will probably combine resenrcli wit.11 
his business, if indeed he does iiot alt.ogether relinquish 
the latt,er for t.he former, provicled a favorable op1)ort.u- 
nity offers. Now, of such are the men from nnioiig wlioni 
the ranks of the future army of American scient,ists will 
largely be recruited, and ii you find any such you will 
do we'll to help them develop their tastes for meteorology. 
They have studied mechanics, t.lieriiiod~i~aniic.s, st.eani 
engineering, electrical engineering, hydraulic enginrering ; 
they are graduat,es of our schools of engineering, t.liey hsve 
also t.he very best foundation for resenrcli in met,eorology, 
and their tastes incline in that direction. One can not. 
expect to make any great advance in tAis science without 
having both a broad foundation, an inquiriiig mind, and 
great intellectual energy ?lid peFseverance. 

If the colleges and universities are not, yet ready t.o 
give meteorology an independent lace, a professorship, 

chemistry, geology, rind many other branches of hiowl- 
edge, then the best temporary arr.nngemelit t,hut, we car1 
make is to introduce it freely aniong the illustrative 
problenis of the general courses iu the fundamental niiithe- 
niaticnl, and physical stucljes of all esact scicnce. But 
you will ask for some defiiute esamples. and I have t.inie 
to mention a few. 

(1) Among the sinipler a. plications of trigonomet.ry 

and motions of the clouds. The simplest method con- 
sists in determinin t,he actual iiiotion of a cloud by ob- 

jects to teach and tlie hours of wor 5 are so taken up at 

and ractical scienie. s The idea is simple. 

your students abun 9 ant food for thought. 

of the courses leading to t K e various engineering profes- 

an observat.ory, a laborat,ory, as t P ley do for ast.ronomy, 

me the various effort,s nia x e to determine the altitudes 

w i n g  the perfect, P y parallel and equal morement. of ita 

shsdow on tlie ground. One may stand u on an enii- 

seconds 1~eiiduluni, nin det.erniine the direction of rno- 

wishes. If now nt, the sunie t,inie he looks directly up- 
ward and observes t,he ap >firant anp la r  velocity of a 

t.he lmse and one wgle of n right angled triangle, of 
whidi t,lir ot,lier side is the cloucl-altitude, which of course 
can then be comput.ed I>y trigononiet,ricnl tables or, still 
bet.t.er, by geonietricnl construcit,ions. Trigonometry and 
geometry, arit,limnt.ic a.nd algebra should all be kept at 
t.hr iinger t,ips rendy for use 111 young st>udents of sc.ience. 
OfLentimes a young ninn will stand in front of a theodo- 
litme or soine ot,lier coinples apparatus and feel that it is 
t.oo iiiuch for hiin : some have their lie& full of inathe- 
niatics, but do not, know what to do wit.li it. The expert 
is the i i i t u i  who hns t.he knowledge and cmi itlso do soine- 
thing with it. Our eilucn.t,ion shoold insist, on the practi- 
cal and quick ut,ilization of every scrap of knowledge that 
wc arp t,hr fort un:it.e possessors of. 

(3  Bnot,licr ingenious applicnt,ion of geometry t.o the 
dt.itucle of cloucls is knowii 11s Feussner's niethocL1 An . 
observer st,cincls at 0 and sees n shadow nt Ii at R spot 
that, he c:m icleiit.ify on n det.a.iled map of liis surrouiid- 
ings. Hc recognizes that this shntlow is that of a cloud 
:it, C! and he t;herefore o 1 ~ m - e ~  the nppttrent, angulnr alti- 
t.ucle of t.li:it cli-iud. which is t,lie angle COliiii the trin le. 

dtituclc of the sun. siiicr a liiie Brawn from 0 to the sun 
would be pmd1c.l to the line rlrawn froni K througli C to 
t.lic sun. If, therefore, thc observer nit?nsures the angle 
by which t.he sun is above t h  liorizon or SOB, he then 
knows the Imse O l i  slid t,he two angles at 0 and li and 
may compute or const.ruct, the vert,ic.:tl height of C above 
t.he littrizon. There are several refinements to be thought 
of. I< niay not, be on the snnin level with 0; t,he doud 
may 1i:ive niored before lie can observe its alt.itude and 
t,he sun's dtit,uclt., :if t,er h:iving iclent,ifiecl t,he shadow Ii 
as brlouginp to thc cl(iud i'. These refinenient,s offer 
slight. ilifficult.ic1s t,liat may be overcciinc. If OW has B 
coimxt, wut,ch he niny siiiiplj- obaerre the time when the 
slisdow was nt the point Ir iind from t.liat compute at h~ 
leisure i.hs nlt.itutle of t.lie su~i. 

(3 )  One of t,he olclest niethods of determining t,he alti- 
t.ude of ti cloud is knowii :IS Bernoulli's: the observer at ' 
0 aecs tlir ClCJUd at, C just ILS t.he last my of the sun illu- 
iiiinntes it.. This last ray must hare grazed the S U ~ I M X  
of the wrt.Ii 2 i . t  some point. II: below the west.ern horizon. 
By cherring the time, \\-e kiioilt a t  once the aiigle between 
thca d i i  r1rtw-n to t.he cw-th's center from 0 nnd from W. 
This gives us tdie iueaiis of coiiiput,ing tlie distalice from 
W t.o our vertical. But we also observe t,he apparent an- 
gular :dt.it,ude of the cloud or the angle between OC' and 
the vert.ica1. We have now nll the I-lat8a needed to solve 
t.he problem. We h ~ v e  in fact t.hree triangles to  solve in 
succession. The ,robleni beconics niore complicated if 

from IV to  I?. I wiU iiot give the latter complex forniuls 
now, but may say that I hope to publish a long series of 
these problems in 11 lit.tle limdbook for the use of stu- 
dents niid teachers nncl I tliink that you will not. find them 
t,oo dificult, for niost, of pour st,udents. Autliors of text 
books on trigonometry which give us nialiy interesting 
prohlenis suggesteil by the work of surveyors, iiavlgatom, 

nence mid surve t.he Inndscqm mid with t R e help of a 
good i m p  and t rl: e seconds hand of n watch or a simple 

tion and the linear ve ?- ocity of ais many shadows as he 

cloud tis i t  pwses the zenit. 1 1, lie will hnd that he knows 

Now t,hc mqle CliO is the same ;IS the apparent angu Y ar 

we endeavor to a d ow for the refrwtion of the ray of light 

__ .__ ____ _- 
LFeussner. ULer zaei neiic bfrthudcn zur R6henmersmg der Wolken. Ann. dU 

2 This handbook hiis nut yoc q~peurctl, Map, 1915.-Editor. 
Phys. u. c'hnn.. 15i1. 144: 456-467. 
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and geodesists, seem to have quite forgotten that the 
clouds offer us still iiiore fawi!iatiiig problems. 
(4) Some years ago the various weat-her buretius of the 

world agreed upon a year of stendy work on the idtitudes 
of clouds. Soiiie observeis ailopt.ecl the st.rictly trigolio- 
metric method of altitucles and nziniuths. If 21, throclo- 
lite is placed at  9 and niiothr one :it S, the observers 
endeavor to sight simu1t;niieciu~ly on :t cloud at  (-'. If they 
sighted on the sanie point u t  t,he same tiiiich niid observed 
the nltitudea and aziniuth ccmvctlly, theti it mould seem 
certain that wit,h AB as t,lie b:ise line t>liey s l i~uld be :hie 
to compute tlie linear distance of the clout1 C' :ind its dti-  
tude. But uilfortrun:itely a cloud lim coiisiclerdde size 
atid there is iiever an a.b.solute certainty that A snrl B ob- 
serve the saiiie point,. Accordingly there arises ik very 
interest,ing problcin as t.0 whit  poin t,a they linvn observed. 
Oftentimes cdculabions sho\vecl thnt t . h  t.wo lines of sigrit. 
did not and could not inbersect,, so that t,he shortmest <lis- 
tmre  between the two lines would seein to be the pro )er 
place for the clout]. ~ c > u  will tincl all t,\w details of h i s  
probleni in chnuce or t.lx thewy of errors, a.s i t  is called, 
in a re mrt by Elkhohn and €Iagstr6iii~4 

( 5 )  buring that. sanie yettr other observeis usecl w1m.t. 
is cdlcd the plic)to~~~imiiiet.er or tlw iie )hogrnpli, which is 
simply it pho t,ognphic. miiierti mouiitec 1 wit.li nlt,ituiIe niid 
nzimut,li circles. Photograplw :ire t d w i  of  the smie 
clouds simultrtiieously nnil fiwiii t ime  we imy  prlwed IJY 
several Iiiet.hoils. .Either (1) we may measure froin the 
photoga hic nt,e angul:~ diatniices of m r i y  points iii 
t,he clou J! . s an f1 det.erniiiie t,lie. c.listniice and dmieiisiona of 
t,he whole cloiid, or (11) we inny proceed gry)Iiicdly, set the 
hotographs 11 I in ti- fr:inie, reprocluitiiig :LS nearly :i,s possi- 

h e  the origin:il 'I ocations of t,lie two cmieras nnrl t.Iirn, using 
threads IW lines of sight,, carve out in tlic iiir of t.he rooin 
a sninll motlel of t,he cloud it,self. This I:itt,er process w:is, 
I believe, fiist cimieil out. in Eiigliincl under the supervi- 
sion of Prof. G. G. Stokes, the eniinent iiiat,heiiint.ici:~ii, 
who \vas at, t,liat h i e  :I iiieiiiber of the. hlet,eorologic:d 
Council a k t  London. In fact, that council has of t.en in- 
cluded soiiie of Englaiicl's moat. f micliis iiieii m c l  we we 
indebted to them for x number of import,nnt niethocls in 
meteorology. 

(6) But, perhaps t,he most filsc.in:iting as well as t . 1 ~  
simplest methods of stirdying t7fc clotrd.~ i.9 by /wrrns oj' 
tLt. nqhoacopt. .  This is :I \-cry siiiiple inst.ruinen t., merely 
a circular iiiii~or held horizoiit,iilly: j-ou look int.o it. a.iitI 
see the cloud by reflectZion, which S:~VCY t,he t,rouljla uf 
t,v-istinc. t,he neck in an unconifort.nhle position. Tlir 
mirror Bas a grsclutttetl circle c.nrrraponciing ti) t.hc nzi- 
iiiutli circle: it.s cent.er is niarktd 1): :L clot. or (*ri)sa lines 
and there tire :L few- r*cinceiit.ric circ4:s clr:~rnri arouiid 
that. At oiie side of thc niirror is n light. vcbrticul rut1 
holding a lit$le knob, ~vliicli nitiy be raised CII' lo\vrred and 
t,urned around to an>- aziiiiu tli so t . h t  when cine obwrwa 
a cloud reflect.ed a.t. t.he center (-if the niirrc.ir, lie may so 
adjust, the knob as t.o bring it.s iimige :i.lan :i.t. t,lic cciit.er. 
But t.he cloud Iiiovcs away nlitl t.lic c)bst.rwr 1i1u~t t%en 
move his eye so :is t.0 keep thr knob covering i.hr c*loiicl 
until t.he knob and c.loud clisq~pivir together at, t . l i t b  edge 
of the niirror or cross sonie one of t.he conccnt.ric circles. 
In this process t.he knob is t.lie cc:it.er or i i i t  twrctiw of 
two lines of sight, oiie from thv cloud to t.lw knob in it;s 
Grst position and again from t.iie cloud t.o the knob in 
its second posit,ion. Tlie horizon t.nl 1mt.h clescribrd by 
h e  intersections of these lines wit.11 t,hc facc of tho iiiirror, 
is a miniature of the liorizont,el 1mt.h drscriled by tlie 
cloud in the time rtquirecl by the iinnges t o  pa.ss from t.he 

- . .. - . .- _- . .- . .... -. - . .. -_ -. - .. . .- -. . - . 
a Wsiires des 1inii:mirs et des movements des nii::p?. par h'. F1:liolm et K. I,. H:~es- 

trlim. Upsal. 1184. 

center t,o the rim. We obtain thus the direction of niotion 
of t,hc cloud and a. horizontal line t . h t  may be converted 
into t,he nngular zeni t.hd ve1oc.it.y. 

(7) The pret,ticat applica.tion of this iiist,runient and 
Iierhnps t.he niost elegant, of all methods of det'erniining 
t,he heig.lit ltiid velocitry of the cloud, I have called the 
kinfwitrti.c: m ~ t h ? .  The iclen is this: If we lire in a boat 
or OII ti train, our niot.ioii is conibined with the motmion of 
t.he cloud. W e  seem to nt.t.ribut.e our motion to the 
cloud uiicl tlie observed line is ti resultmt. niovenient,, 
t,liat. you r a d y  obtain by coin minding inoveiiieiits or 
forces by t.hc method of pnralle\ogra.in of forces. If we 
mow froin -4 t.0 U in the boat w4t.h our nephoscope it is as 
thuugli the  cloutls iiilive from 13' t,o A' in t.he parallel but 
opposit.e d i r tdon ,  but if t.he cloud is a c t u d y  iiioving 
from R' tomarcls S, t.1it.n the result. that we observe is t,he 

niot.ion we :we to observe first, when tlie boat is going Par roiii 
lint! U ' S '  as seen from t.he bout.. 

d to I' and agitiii when t,he boat, is going in sonie other direc- 
t.ion, such iis I' t.o C'. or evtm when t.hc boat is stationary, 
01' when the boat direct,ly reverses its movementt, which we 
C B I ~  most easily nccomplish by carrying our ne hoscope 

observtttioiis, t.oge t.lier mit,li t,lie known velocibies of the 
boat,, give us four known terms in 2% pail. of t.rigonoiiiet.ric 
equations froni which by eliniiiint,ion we tlrt,erniine t.lie 
altitude aiicl t,he ucturil velocity of the cloud. The most. 
iIiHicuIt oint is to det.erniine t,he vt.Iocit,q- of the boat.  tint^ 

results when the ~iephc)scope is being cawriec by a steady 
steaiiier or by ti car tliRt is pulled by a cable., going a t  a 
perfect.ly uniform rate of speed in different. directions, as 
for inst,ance throu-li tlie streets of a city. 

(SI 111 t.lie pureTy niat,lieniutical depxrt.nient,, I happen 
t.o t.hink jiist now of the so-called Poisson's ec uation 
relating t.o the iiuIraz*io,* qf' pwe dry air w h m .  s m  2 ery0in.g 
udia,baf:ic c7icilyrs. This is given in soine works on ana- 
lyticul mechanics a.nd is mentioned in tlie elenieiitrtrp 
works on hysics. But t,he good student will appreciate 

principles wliic,li niny be iiiade almost purely niathenia,ti- 

(9) When t.he smie idetw are applied t.o the espniiaion 
and coiitract.ion o€ moixt wir wit,h its cha.ngev from vn or 
into cloud sncl snow, we come i!pon a more comp F es 
problem in physics; but even t,liis is so lar elv IL c uestioii 
of pure iiiat,licniat~ics that it i n i y  be inclu i d  - ed un er that 
cabelwry, uucl I hope t,lint, >-ou mill niake your scholars 
faniifiar wit.11 t.he olcyant. grnlhic iiiet,liotls introduced by 
Hertz, whose piper IS fully t,rcuidntecl in niy "Mechanics 
of the Earth's Atniospliere" ' :ind has been still iiiore 
beautifull!- t.reat.ed by NedioH in ti Oerinrtn psper in 
1900 but not yet trunslatetl.' E1aborat.e niat,liemat.ical 
t.tiblcs are given by Professor Bigclow in his "Heport on 
In terna.t,ioiinl C!loutl 0bservst.ions." " 

(1 oi Thc t h i e i i  tilry t,estboolss on physics often men- 
tion t,lie t.lieory of the wet-bull> t,liernioniet.er nntl its use 
in det.erniining the moisture of t,he atniosphare, hit ,  they 
rarely give any sa 1.isfuct.ory csplnnation of t,hc process 
by wliicli pliysicist,s l i i i~c declucecl tlic relation between 
t,he t.cnipcrat.ure of the wet, bulb :~nd the moist.ure in the 
air---t.liat. is to say,. t,he rate of evaporation; tlie process is 
not, so difficult but that rtnyoiic who lias stutlicd a little 
of the 1a.w of diflusion can understand it, and for brevity's 

This apparent. an 

on a twllep or in a row boat. on 11. canal. Now t. s lese tm-o 

the inet f iocl is therefore best, adapt,ed to ire accurate s 

it- 1wtt.w i i you will give him the denionstratmion bnsecl on 

C d  :lKltl fUlldtilllellbt~l 8 

- -- ~ _ _ .  __ 
4 Abbe, Cleveland. Meehmicsot theearth:satmospherr. A ['&l.1collwtiun of transla- 

Lions. \\'aslimgton. IS%. (Sinithsmian inisc. coll., Sa). PI,. 11-?11. 
bThis paper by Neuhoff has since anpeare4 in English in- 
Abbe, Cleveland. Mechanics of the rarth's atmosphere. a [3dJ Lwlleclion of trans- 

lations. Wmhington. 1910. Smithsoniail misc. coll.. \-. 51, no. 43. pp. 431~c193. 
#United State? Weather Bureau. RPport of the Chief. for 189549. Washington, 

1900. VOI. 11. ab7 p. 40. 
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sake I must refer you again t,o my “Met,eorologica.l app~r 
ratus and methods.” 

Mathematics and liysics go haiid in hand so closely 

ments, he keeps tlie matlieniatica laws in mind: if he 
studies the subject mathemat.ically, he keeps the pliysical 
laws in mind. B probleni in one is also a probleni i n  the 
other; both are rigorous and develop the reasoning 
powers; but sometimes i t  is easier to handle the esperi- 
mental than the analytical method. 

(11) In t,he &fOXTHLI- mEATIIER REVIEW for 1897 (pp. 
296402, 445) will be found a splendid memoir on the 
equations of hydrodynamics arranged for the stud)- of 
the general circulation of the at,iiios here. This and the 

tions give t,he nirtthematmician more than lie can ha.ndle 
at present,, but the suggestive paper by MacMalion, read 
at the recent International Scientific Congress 011 the 
n-fold Riemann surface, opens up great. hopes for the 
future. 
(12) Meanwhile w e  must mingle esperinieiit and 

gi that we dare not thin il of separatin them. If one esperi- 

corresponding solution of t,lie conip P e s  differential equa- 

theory; each must guide the other. 
in his laborat.ory, carry out some of the fo 
ments and at a glance perceive the 
motions that, are equivalent t,o the 

The 

ential equat,ions under tiny given special conditions ; the 
analyst would find it, d i f i d t  to nt,t,aiii t,liese but cttn 
easily confirm them when once the result is known. 

We may osperinient on sinal1 local motions before pro- 
ceeding to the larger ones. 
(13) In a large room or in a case with double glass wnlls, 

so that the inside tern erature niay be controlled, let, 

givin this a slight but adjust,ahlo slope the rate of flow 
may fl e regulat.ed; by alt.ering t,lie bottom we may pass 
from water or smoot,h sand to wavy, rolling, prairie or 
ranges of hills and mounta.ins. We may ini1tat.e erery 
vmety of ordinary atmospheric motion. 
By utilizing a layer of CO, for tlie hott.om we map st,udy 

the flow of upper nir currents over lower ones. 
(14) We make a l l  these movements visible by inbro- 

ducin a little smoke, But especially by applying the 
so-ca 8 ed schlieren metehod of Foucault, as perfected 
b Mach and Duboig, which enables us to photograph 
t 2. e feeblest differences of density, whether due to pressure 
or temperature or moisture. 
(15) Among other problems in aerodynaiiiics should he 

ment-ioned that, most elementtxry one, t,he hypsometric 
f o m u l ~  of Laplace. Our student.s and the surveyors and 
mountaineers use this with sneroicls for determining alti- 
t-udes without underst,anding its derivation or t,he sources 
of mistakes in ap lying it, especially t,he uncertaint.y of 

forniulas ma be deduced analytically 11-y integrat,ion of 
the simple di if erential formilla or by al~ebraic or Veoinetric. 
or arithmetic or graphic met,hoda, a d  all slioul8 be coni- 
bined as an illustration of the unity of lo& in what,ever 
form presented. Science is but logic. a p p h d  t.o ninterirtl 
nature. 

I will merely nicntion some other problems t,hat appeal 
to us from both andytical and esperinient.al point,s of 
view : 
(16) The total resistance arid the ressure ancl iiiotions 

obstacle. 
’ (17) The action of the wind in producing “suction I ’  at 
the top of an open pipe or chimney. 

shallow stream of coo P air flow along the bottom. By 

our knowledge o P the tmiperature of the nir. Now the 

of the air dl around a resisting p P ate, sphere, or other 

Among problems that may be handled first by pure 
niatheniatics and then by esperiment and observation 
are the determination of: 

(1s) The calibration correction of B thermometer. 
(19) The rotruding stem correction. 

These belong to elementar physics hut will give your 

problems. 
9 comples trigoiioniet.rica1 problem involvin 

knowledge of ixstrononiy is the determination o - 
(a1 1 The cluration, and 
(22j The iiit,eiisit,y of sunshine or the total amount of 

1ien.t. received by n. unit liorizoiidal surfmx for m y  mo- 
nieiit of the day and the year. The calculation is to be 
made for the out,side of the at,mospliere, because, if we 
txttenipt, to make allowa.nce for the absorption by the 
stniospliere the problem becomes too coni les for ele- 

may be treat.ed geonietric.n.lly and graphically and is 
essentin,lly $1 nintt,er of faniilinrity with *’the use of the 
globes ” as it was called 100 years ngo. 

(23) Globes nnd chnrts are vital matters in meteor- 
o h  y and nre elegant classics in eonictry. C7t,artog- 

too much xieglect,ecl-pushed aside by the crush of new 
demands for xnst,ruct,ion in every other bra.ncli of knowl- 
edge, but t.hese are absolutely fundnnicntal to ustron- 
omy nncl nirt,eorologg, terrestriul physics, and all geo- 
graphic relations. I hope to see theiii properly appre- 
ciated in the schools of .pure mathematics :i.nd teimst.ria1 

and niethocls of constmructrion 

(2.0) The K oggenclorff correct.ion. 

students a chance to apply t 7 ieir iiirttheiiiatics to physical 

B sligllt 

nicn t,nry educa.tiona1 purposes. The simp 7 pr problem 

yap 5 y snd yrojeet~iows and the g f obes thtmeekrrs are 

to the comprehension of many persons if worked out 
on t.he globe itself--and one does not need t i n  espensive 
globe-even a home-made globe or rubber ball can be 
very useful. 

The globes and conic sect,ions in solido should be han- 
dled by your students a t  some early sta.ge in their edu- 
caxtion. 

(24) Finnlly, to return to our ii.erodynaniic,s. Noth- 
ing can be more attsactire to a student thun the -forma- 
i5on of a waters out by Weyher’s method and the study 

sure, t,hhe t.eiiiperature, the vacuum, and the dimensions 
of the cloud column. 

We simply set, a horizontal disk tLt the top of a room 
or closed c.ase int.0 rapid rotation. Soon t,he air benertth 
is drsgoecl i1it.o rotntion down to the very floor. Below 
it we pface a dish of wat.er and the vapor from it. is drawn 
up i1it.o the inner revolving vortes whilt! at  the same time 
thrown outward horizontally; eventually it descends and 
n.scends in regulsr circulation. As the disk and atir in- 
crease tdieir rot,ary speed, tlie central vortes diminishes in 
haronirtric pressure while increa.sing in veloci by, ancl the 
inoist air flowing i1it.o it’ cools by expansion, forming a 
cent.rnl wat.cmpout column or vort,es. Here we begin 
to be stirred wibh a desire t.o iii(~asure. We insert a 
long Pitot tube and dctermine the wind pressure at  
many point,s and chnrt the pressure or ve1ooit.y on ruled 
paper. We insert a pair of small plane plat,es as in my 
niethod of barometric. es 3osure (see Meteorological Appa- 

sure a t  many points. We send a thermometer or thermo- 

of the wind ve Y ocity and pressure, the baronietric pres- 

ratus axid Methods), nnc \ determine and chsrt the pres- 
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electric junction exploring the vortex and plat the tern- 
perat;ure, or we use some form of hygrometer and deter- 
mine the dew oints. In fact w e  esperimentdly de- 

the waterspout a.nd compare our observations wit,h the 
theories that ha.ve been worked out by Ferrel. 

I hope t.o elabo- 
rate t,his effort, to help t,he mathematician and ‘physicist 
find a new field full of problems for their students. Thus 
the will help us to develop t,he talents of future mete- 

These are but. special illust.rat.ions of t.he general law 
that thinking, seeing, and doing must go together. We 
learn by doing a.s niuch as by reasoning-ea.ch he1 s the 

measurement. Precision is the vital essence of all 
valuable knodedge. 

I hope to live to see specia.1 schools of meteorolo , 
voted to this a.s to every other profession; but for tlhe. 
present at, least I urge that ou illustrate the value of 
and enliven the interest o? your mathematical and 
physical courses by frecluent,ly quoting or proposing 
problems drawn from METEOROLOGY. - 

termine all the e 3 enients tlmt ent’er into t.he structure of 

I have said enough for t,he present. 

or0 r ogists. 

other. Every theory or hy othesis or suggedon s F, o d d  
be reduced to esact. form 3 a, esact esporiment, esack 

special laboratories, and mat,lit.nia.t.ical seminnries Y c e- 

ON LIGETNINC) AND PROTECTION FROM IT.’ 

By Sir JOSEPH LARMOR, P. R. S. 
The rationale of electric discharge in a gas is now uncler- 

stood. When a sniall region beconies conduc.tina through 
ionization by collisions in the electric field it ahou%.I spread 
in the direction in which the field is moat intenise, which 
is along the lines of force. Thus t,he elect,ric rupture is 
not a tear along a surface but a perforation dong a line. 
This is roughly the line of force of the field; the electro- 
kinetic force induced by the dischnrge, being pa.ra.Ue1 to 
the current, does not modify this conclusion. A zigzag 
discharge would thus consist of independent flashes, the 
first one upsettin-g adjacent equilibria by transference of 
charge. Successive discliaxges I>et.weea tdie same niasses 
would tend t.o follow the same ionized path, which may 
meantime be displaced by air current,s. 

If t,he line of discharge is t:lius determined by the pre- 
vious electric field, the influence of a lightning conduct,or 
in drawin the discharge niust, be determined by the modi- 
fication o f this electric field which it,s presence produces. 
For a field of vertical force, such as an overhead cloiid 
would produce, it may be shown that the disturbance 
caused by a thin vertical rod is confined t.o its own ini- 
mediate neighborhood. Thus while it provides a strong 
silent discharge from earth into the air, it does not assist 
in drawing a disruptive discharge from above-escept in so 
far as the stream of electrified a.ir rising from it mtty pro- 
vide a path. It is the broader building. to which the rod 
is attached, that draws t.he lightning: the rod affords the 
means of safely carrying it away, and thus should be well 
connected with all metallic channels on t,he building as 
,well as with earth. I t  is the branching to of an isolated 

so to a sensible c1egre.e. Separate rods projec.t.ing upward 
froni the corner of a building do not much affect tjhe field 
aboveit, but if they are connec.ted at their summits by hori- 
zontal wires, the latter, being thus earthed,lift up the elec- 
tric field from the top of t.he building itself to the re ion 

tree t,hat. a.ttract.s the discharge; a wire po P e could not do 

above them, and thus take the discharge which they f elp 
1 Rcprinled from Report British Assoriatlon for the Advancement of Science, 83d 

meethg, Birmingham, September 1&17,191P. London, 1911. Section of Mathematical 
and Physical Science, p. 381. 

in attracting, instead of the building below them. Simi- 
larly, when the lines of force are obli ue to a vertical rod, 
its presence does somewhat modify 7l t e field and protect 
the lee side; but generally the presence of a rod should 
not ever bo a source of danger, unless the ionized air rising 
froni it provides an actual path for discharge. 

LIGHTNING INJURY TO COTTON AND POTATO PLANTS.* 
By L. R. JONES and W. W. GILBERT. 

[dhtroe! of a paper presented to the Sixth Anniial Meeting of the Amerlcan Phyto- 
pathological Socloty, Philadelphin, Dw. 9,1914-Jnn. l, 1915.1 

Literature contains meager datzt concerning lightning 
injury to herbaceous plants. The authors ha-re evidence 
that such injury is not uncommon in certain cro s, notably 
cotton and potatoes, and may occur in beets, to ?I acco, and 

Grnss, small grains. and corn seem less liable. 
Eotton and potatoes when so struck niey be killed in 
roundish spots, 1 to 3 rods in diameter or sometimes several 
associated smaller spot,s. There may be no disturbance 
of soil or physical ru ture of plant tissues. The plants 
near the centerwilt, b P acken, and die prom tly; about the 
margins some niay live days or Wwks. guch weakened 
cotton plants yellow or redden. The injury appears first 
and worst from tht. soil line or a little above downward, 
but may not kill all the underground parts. Partially 
injured cotton plants may form callus ridges above point 
of injury and new otnto shoots may sprout from base 
of injured stems. qhese various facts suggest the theory 
that when a sudden electric storm follows upon B period 
of dry weather, lightning dischar r spreads horizontally 

are more liable tlinn others, either because of relative 
tissue resistance or because of character or distribution of 
aerid parts or root systems. 

inseng. 

over the moist surface layer of soi !? and that certain crops 

WEATHER AND HEALTH. 

The Notices of the Imperial Academy of Sciences of 
Vienna for June 25, 1914, contain a brief statement of the 
results of a reccnt investigation of the important question 
as to thr connection between weather and humitn health, 
uiidcrtaken by Dr. Ernst Brezina and Wilhelm Schmidt 
at  thr Austrian Central Meteorological Institute in Vienna 
and presented to the Academy on June 14, 1914.’ 

Heretofore, as the authors showed, this question has 
been treated 1 g 1 if not entirely from the standpoint of 
the physiologist; ‘9 t ierefore i t  seenied all the more promis- 

to fcillow more the methods of meteorology and to 
h u  divide the weather more minutely into its elements, 
thus of course adopting a purely statistic81 method of 
treatment. 

An un recedently large and explicit series of meteoro- 

logicid Institutc, were compared by a specially ap ro- 
priatc mvthod, day for day, with a series of daily v s ues 
which prcscnted in a somewhat quantitativc nianner the 
condition and behavior of cstcnsive groups of healthy 
and ill persons. For the present investigation Brezina 
and Schmidt employed: (1) Records of the average hourly 
work accomplished by it large number of female employees 
of the Imperial Census Commission, in punching the count- 
ing cards (Ziihlkarten) (Zig7gt mental ofice work) ; @) the 
recorded daily number of cpileptic attacks (i. e., number 
of patients affcc.kcl) among the ininatcs of the hos ital 
for mental and nervous diseases “Am Steinhof ” 80,- 
(7.ition of the sick); (3) daily general estimates of the per- 

logicd e P eniciits, from the records of the Central Meteoro- 

* Rcprinfrd by pormiaston from Phytopathology. No. 6 December 1914 k 406. 
1 Summarized IR Meteorologische Zeltschrift, Bmunsch’weig, Jan. i915, &: 8-44. 


